disorders 19 SUMMARY STATEMENT 20 Female fruit flies, like their human counterparts, are more prone to chronic stress-induced 21 mood disorders like anhedonia or reduced activity. This sexual dimorphism was more evident 22 in a biotic stress.
INTRODUCTION
water, for the duration of the stress. The treatment vials were placed on a platform shaker, 139 rotating at 400 RPM, while the control vials were placed on an undisturbed surface. The 140 mechanical perturbation was provided for 15 minutes, followed by a period of rest for 15 141 minutes. This was repeated over the entire duration of the stress protocol, which was 8 hours 142 for males and 10 hours for females. These durations were finalized based on standardizations 143 for both sexes, to ensure that there was minimal mortality due to the stress (< 3%). They were 144 then transferred to vials containing food and allowed to recover overnight. The same protocol 145 was carried out at the same time of the day for 3 days; on the 4 th day, the flies were subjected 146 to various assays. Adult crowding 149 The protocol was modified from Joshi and Mueller, (1997) . 150 flies of either sex were 150 placed in a vial with ~6mL of food. A sponge plug was pushed into the vial such that there 151 was 0.7cm distance between the food and the plug for males and 1cm for females. This stress 152 was maintained for 72 hours at a stretch. After this, the flies were transferred to round-bottom 153 fly bottles with food and the crowding stress was relaxed for 14 hours before the assays were ensuring that the surface is not sticky. This frame was loaded into a metallic support 163 structure, consisting of two long rods to hold the frame in place, and a base covered by foam 164 to absorb the shock, while maintaining it in a vertical position. 165 In each frame, 25 flies of one treatment and one sex were loaded into one column, and 166 alternate columns were filled. 8 columns were assayed at a time in one round. Each such 167 round had replicates from all treatment groups from one sex. Once the flies were loaded into 168 the columns, the top was closed using cotton plugs, and the frame was mounted on the 169 support. The flies were allowed to settle. The assay was performed in a dark room, with 170 diffused light from the back of the set-up, to facilitate contrast for recording with a video 171 camera (Sony HDR-PJ410).
172
The frame was mechanically disturbed, and moved sharply to the base, to make all the flies 173 fall to the bottom. Once the flies were at the bottom, video recording was started, and a timer 174 was kept for 30 seconds, which constituted one trial. After 30 seconds, the frame was 175 disturbed similarly, and the process was repeated for 10 consecutive trials.
176
For each round, both the 1 st and the 10 th trial were scored. Screenshots were taken from the 177 video recorded, at a fixed time point in the trials. The time-points were selected such that the 178 snapshots were taken when the flies were dispersed throughout the set-up, and a majority of 179 them had not reached the top. For males, this fixed point was 10s, while it was 15s for 180 females.
181
The length of the column was divided into 31 bins of 1 cm. The number of flies in each bin 182 were counted. If a fly was halfway between bins, it was counted in the bin in which its 183 lowermost tip was present. The distance travelled was measured as the distance crossed by 184 the entire body of the fly, that is, the lower limit of the bin in which it was scored.
185
Two parameters were scoredthe average distance travelled by the flies of each treatment, 186 and the propensity to show negative geotactic mobility. The propensity was measured as the 187 total number of flies in each treatment that left the base of the set-up and travelled at least 1 188 cm. Being a fraction, the propensity data was arcsine-square root transformed before analysis 189 (Zar, 1999). The protocol was modified from Ries et al., (2017) . After 3 days of stress (or control) 194 treatment and recovery (as mentioned above), on the 4 th day, the flies were subjected to the 195 stress (or control) protocol for 4 hours, but in the absence of water.
196
A cotton strip soaked in 99% glycerol was stuck across the middle of a 35mm petri plate of 197 thickness 1.5cm. The plate was covered by a lid and sealed. Individual flies were aspirated 198 into clean 5mm transparent glass tubes right before the assay. They were introduced into the for the next 10 minutes.
229
As the flies tend to stay towards the outer edge of the arena, each time they entered the inner 230 zone and came back was counted as one exploratory trip. The parameter scored was the total 231 number of trips made by each fly within the 10-minute period. Starvation resistance assay 254 Following the recovery period after stress (or control) treatment, groups of 10 flies of each 255 treatment and sex were made under light CO2 anaesthesia. They were transferred to vials 256 containing 1.24% agar, which allowed for an environment of starvation but not desiccation. where is the number of flies that died at the time point and is the total number of flies 265 which are at risk till just before the point . 
RESULTS

288
For all the experiments, the statistical data has been reported in Table 1 . 
299
This indicates that this stressor induced anhedonia, i.e. a reduction of interest in pleasurable 300 activities.
301
When subjected to adult crowding, female flies showed anhedonia and fed lesser on glycerol 302 ( Fig. 1D ). However, male flies showed an increased tendency to feed on glycerol (Fig. 1C ).
303
This suggests that with respect to anhedonic behaviour, crowding induces sexual dimorphism 304 in flies. The points beyond this are indicated as outliers (solid black circles).
306
Reduced Exploration of Novel Habitat in Females 307
Male flies showed no significant change in the tendency to explore their habitat after 308 mechanical perturbation ( Fig. 2A ). However, there was a significant reduction in the number 309 of exploratory trips made by the female flies ( Fig. 2B ) subjected to this stressor. Also, 310 although adult crowding did not lead to significant change in exploratory tendency of the 311 males ( Fig. 2C) , there was an almost significant (p < 0.1) reduction in the number of 312 exploratory trips in females, with a medium effect size (Fig. 2D, Table 1 ).
313
Taken together, it can be stated that our stressors do not affect the exploratory tendencies of 314 male flies, but reduces the same for the female flies. This suggests that stress induces a sexual 315 dimorphism in exploratory behaviour in fruit flies. 
322
However, when the Activity Index (AI) was compared for these stressors, crowding again 323 induced a sexual dimorphism. While both males ( Fig. 4A ) and females (Fig. 4B ) showed 324 increased AI after mechanical perturbation, after crowding, males showed an almost 325 significant increase in AI (Fig. 4C) , while females showed a reduction in AI (Fig. 4D) . 326 Thus, while stress makes flies rest less across sexes, the nature of stressor modulates sexual 327 dimorphism in AI levels. When the starvation resistance of flies which had been subjected to adult crowding was 331 compared to their controls, there was no difference in the time taken for 50% mortality in the 332 vial across treatment and control groups for both males and females (Table S1 ). This is 333 congruent with the observation that the KM survivorship curves almost superimpose in both 334 cases (Fig. S5 ). In our experiments, the abiotic mechanical perturbation stress paradigm led to a reduction in 
335
357
In our experiments, adult crowding induced anhedonia only in stressed females (Fig. 1D) , 358 while counter-intuitively, stressed males showed an increase in glycerol feeding (Fig. 1C) . A anhedonia. Stated differently, it was possible that the males were hungrier (which trumped 368 anhedonia) while the females were less hungry and therefore exhibited anhedonic symptoms.
369
To investigate this possibility, we assayed the starvation resistance of the stressed and 370 unstressed flies. We found that adult crowding does not have an effect on the starvation 371 resistance of either males or females (Fig. S5) , thus overruling this possibility. Thus, the 372 physiological reason for this dimorphism remains unclear. Summarily, it can be stated that both the biotic and abiotic stressor (Fig. 2) . This is in keeping with previous results of sexual 385 dimorphism in this behaviour in flies after 24-hour long starvation and oxidative stress 386 (Neckameyer and Matsuo, 2008).
387
The tendency to explore is related to seeking out novel habitats (Cote et al., 2010) and is also 388 energy intensive. This decrease in exploratory tendencies of female flies after stress could 389 indicate either a physical inability to explore due to exhaustion or injury from the stressor, or 390 a lack of motivation to explore new surroundings, or both. However, it is crucial to note that 391 the cue-based response of negative geotaxis is not affected across sexes by either stressor 392 (Figs S1-S4), indicating that the changes are not likely due to physical harm, fatigue or injury 393 to the fly. Thus, we conclude that these flies lack the motivation to explore after being 394 stressed. Additionally, preference for edges in flies is postulated to be a marker of seeking indices of flies. While male flies subjected to this stressor showed hyperactivity ( Fig 4C) , 415 crowded female flies were less active than their controls when awake (Fig. 4D) . The 1987), our results suggest that stress can impact these two behaviours in very different ways.
426
Higher activity levels and reduced rest over 6 hours in males after stress does not cause a 427 concomitant increase in exploratory activity. Rather, a decrease in exploratory behaviour in 428 females occurs, which can be interpreted as a measure of a reduced motivational state. In this study, we showed that stressors of differing nature (biotic vs abiotic) can cause 432 varying behavioural responses, and these can be modulated by the sex of the fly. These contexts for male and female animals are innately different due to differences in their social 440 roles, differential parental investment etc. Thus, social stresses are more likely to induce 441 sexually dimorphic responses (see Palanza and Parmigiani, 2017 for a discussion). This 442 notion is supported by our observation that adult crowding, which is a biotic stressor, induces 443 sexual dimorphism in a larger number of behaviours. We also found that in general, female 444 flies were more affected by the stressors than the male flies. This is consistent with human 445 data on SIMDs that suggest that women are more prone to depression (Kessler, 2003; Nolen- These results thus strengthen the case for using D. melanogaster as a model system to 
